In this report we present the first quantitative determination of the correlations between baryons and anti-baryons induced by local baryon number conservation. This is important in view of the many experimental studies aiming at probing the phase structure of strongly interacting matter.
I. INTRODUCTION
One of the key goals of nuclear collision experiments at high energy is to map the phase diagram of strongly interacting matter. A very challenging task is the determination of the QCD phase structure including the search for critical behavior and verification of the possible existence of a critical end point of a first order phase transition line. A promising tool to probe the presence of critical behavior is the study of fluctuations of conserved charges since, in a thermal system, fluctuations are directly related to the equation of state (EoS) of the system under the study. One can probe critical phenomena also at vanishing baryon chemical potential [1, 2] . While at physical u,d quark masses a rapid cross over transition is found in Lattice QCD (LQCD), the proximity to a 2nd order phase transition of O (4) universality class suggests remainders of criticality. Indeed, the pseudo-critical temperature, reported from LQCD [1] , is in agreement with the chemical freeze-out temperature as extracted by comparing Hadron Resonance Gas (HRG) model predictions [3, 4] to the hadron multiplicities measured by ALICE. This agreement implies that strongly interacting matter, created in collisions of Pb nuclei at LHC energies, freezes out in close vicinity of the chiral phase transition line. Hence, singularities stemming from the proximity to a second order chiral phase transition can be captured also at vanishing net-baryon densities. The current net baryon fluctuation measurements, by the STAR collaboration at RHIC [5, 6] , and by ALICE at the LHC [7] , have provided interesting and stimulating results. However, quantitative analysis of these measurements is made difficult by the presence of non-critical effects such as volume or participant fluctuations and by correlations introduced by baryon number conservation. In statistical mechanics fluctuations of conserved quantities are predicted within the Grand Canonical Ensemble (GCE) [8] formulation, where only the average values of these quantities are conserved [8] . To compare theoretical calculations within a GCE, such as the HRG [3] and LQCD [1] , to experimental results, the requirements of GCE have to be achieved in experiments. In experiments over the full acceptance, baryon number is conserved in each event, hence even in a limited acceptance its implications will be seen.
Here, using the CE, we provide the first quantitative estimates of the implication of global and local baryon number conservation in a finite acceptance.
II. FLUCTUATIONS IN GCE AND CE
In a thermal system with an ideal gas EoS, composed of hadrons including baryon/antibaryon species with baryon numbers +1 and -1, the GCE partition function implies uncorrelated Poisson distributions for baryons and anti-baryons, hence the net-baryon distribution has the following cumulants [9] 1 :
where n B and nB denote the first cumulants (mean numbers) of baryons and antibaryons, respectively. Eq. (1) implies that ratios of even-to-even and odd-to-odd cumulants of net-baryons are always unity, while the ratios of odd-to-even cumulants depend on mean multiplicities.
Hitherto, the above conditions are used as baseline for net-baryon fluctuations. However, this can lead to misleading conclusions because, apart from dynamical fluctuations induced by critical phenomena, deviations from this baseline may be driven by non-dynamical contributions. Recently we demonstrated that fluctuations of participating nucleons from eventto-event significantly distort measured event-by-event fluctuation signals. We also found that at LHC energies, where mean number of net-baryons measured at mid-rapidity is zero, contributions from participant fluctuations to the second and third cumulants of net-baryon distributions are vanishing [9] . Below, we consider the CE partition function for a system of volume V, temperature T, and net-baryon number B to investigate effects of exact baryon number conservation. It is 
III. LOCAL CONSERVATION LAWS
In [10] [11] [12] [13] effects of global conservation laws on fluctuations of conserved charges were addressed. In our previous work the energy dependence of cumulants of net-protons, reported by STAR for Au+Au collisions, is consistently described above √ s N N = 11.5 GeV under the assumption of global baryon number conservation and fluctuations in the number of participating nucleons [10] . Here, using the same algorithm, we investigate contributions from local baryon number conservation [14] . We first sample the number of baryons N B and anti-baryons NB from the probability distributions encoded in the CE partition function (cf. Eq. 3). To this end, we simulated 10 7 events with N B = NB = 50 for baryons and anti-baryons respectively. 2 Next, using the shape of the charged particle pseudo-rapidity distribution as measured by ALICE [15] and assuming that, at LHC energy, baryons follow the same shape as charged particles, we introduce finite acceptance effect. In doing so we first generate a baryon of rapidity y B , and a corresponding anti-baryon if its rapidity yB satisfies the condition:
We note that, in this representation, global baryon number conservation corresponds to of net-protons, as reported by the ALICE collaboration [7] . For this purpose, we use the acceptance fraction α, corresponding to each ∆η in the right panel of Fig. 1 (cf. [7] ) and determined the value of κ 2 (p −p)/ < n p + np > from the left panel of Fig. 1 . Within the experimental uncertainties, the data are best described by global baryon number conservation but are consistent with ∆y corr ≥ 5. Values of ∆y corr smaller than 5 lead to results in disagreement with the experimental measurements. Apparently, effects due to local baryon number conservation are small in second cumulants of net-protons.
Interestingly, predictions using the HIJING [16, 17] generator, presented in the right panel of Fig. 1 , clearly underestimate the experimental data. On the other hand, our calculation with ∆y corr = 2 is consistent with the HIJING results. This implies that the correlations between protons and anti-protons in the rapidity space obtained from HIJING are too strong ranged, not consistent with the experimental results.
IV. CONCLUSIONS
In summary, we studied the effects of local baryon conservation laws on fluctuations of net-baryon number. We demonstrated, by systematic comparison of our results with the measurements of ALICE, that the data are consistent with global baryon number conservation and the according small suppression with increasing ∆y. Contributions due to local baryon number conservation are small if present at all in the second cumulants of netprotons. This is not unexpected as baryon number is distributed, for nuclear collisions at very high energy, over a wide rapidity range in very early hard collisions. A detailed account of this for both baryon and strangeness number is in preparation.
